Industrial wastewater from soap and oil industries represents a heavy pollution source on their receiving water body. This paper studies a case of pollution control at Tanta Soap and Oil Company, Banha Factory, Egypt. The factory production includes soap, edible oil, and animal fodder. About 4,347 m 3 /day of industrial wastewater effluent was discharged via gravity sewers to the public sewerage system. Most of the effluent was cooling water because the cooling process in the factory was open circle. In spite of the huge quantity of cooling water being disposed of, disposal of wastewater was violating pertinent legislation.
Introduction
Natural soap was one of the earliest chemicals produced by man. Historically, its first use as a cleaning compound dates back to Ancient Egypt (Callely et al., 1976) . The recent soap and oil industry started in Egypt at 1888. Now there are more than 40 soap and oil factories distributed throughout Egypt (Slah, 1985) . There are many places for disposal of industrial wastewater of soap and oil industries in Egypt. Some factories dispose of it in the River Nile, and its main branches especially in Upper Egypt (Abou-Elela et al., 1995) . Other factories dispose of it in irrigation drains, municipal sewerage system, coastal lakes and sea, and/or other water bodies.
The soap and oil industry might produce relatively small volumes of liquid wastes directly, but causes great public concern when its products are discharged into the neighboring water body. Many difficulties are reported being caused by these residual, such as:
(1) interference with oxygen transfer in activated sludge treatment and in receiving stream, (2) excessive frothing, (3) toxicity to fresh water game fish, and (4) difficulty of removal at water treatment plants (Nemerow and Dasgupta, 1991) .
There are many approaches for soap and oil industrial wastewater. The majority of the soap and oil industries (as a type of agro-industry) are compatible with biological treatment, with or without a pretreatment step and activated sludge is the preferred treatment scheme (Orhon et al., 1999) . In addition, anaerobic biological treatments are used for many oil industrial wastewaters (Austermann and Rosenwinkel, 1997; Fakhru'l-Razi and Noor, 1999; Baccari et al., 2000) . Other treatability approaches such as air flotation and skimming, and precipitation, are primarily used with or without biological treatment (Ypijakis, 1992) .
This case study was carried out for Banha Factory, Tanta Oil and Soap Company in order to ensure that its industrial wastewater complied with the requirement of Egyptian Law 93/1962 modified by Decree 9/89 for discharging industrial wastewater effluent to the public sewer. In addition, the performance of the cooling towers has had to be improved in order to reduce the hydraulic loading of the end-of-pipe treatment plant.
Materials and methods
The industrial wastewater in this study is from Banha Factory, Tanta Oil and Soap Company. Banha Factory production includes edible oil, animal fodder, and soap. Numerous materials and chemicals are used in the manufacturing process such as: cotton seed, sunflower oil, soybean oil, olive oil, bleaching earth, hydrochloric acid, NaOH, hexane, and NaCl. Major processes are performed in batches and continuously. A block diagram for the factory production processes is shown in Figure 1 .
Before the project, the facility was using an estimated 5,292 m 3 /day of municipal water and private well water every day. About 4,347 m 3 /day of industrial effluent was discharged via gravity sewers to the public sewerage system. The industrial wastewater discharged from many locations in the factory. Process water, which is mainly used for washing purposes during the oil refining and packaging operations, discharged about 192 m 3 /d. Highly concentrated process waste stream from the "red water" saponification unit discharged about 45 m 3 /d. Cooling water used in the refinery unit and in the extraction plant discharged about 2,060 and 2,000 m 3 /d, respectively. Wastes generated from the softener backwash and resin regeneration discharged about 50 m 3 /d.
Composite samples were taken from the raw industrial wastewater to determine its characteristics and the required remedial action for complying with the law. A feasibility study was carried out to choose the suitable and economic remedy for the factory industrial wastes. Thereafter, samples were taken from the treated water for evaluation. Analysis of samples was carried out according to the American Public Heath Association (APHA, 1992) .
Characteristics of the raw wastes
The result of raw industrial wastewater analysis is shown in Table 1 . The results shown in Table 1 indicate that there was a high level of organic pollution load (BOD and COD) in effluents from the refinery units. In addition, there was an extremely high level of organic pollution load from the saponification unit. This was mainly due to the presence of high levels of unsaponified fatty matters as well as hydrolyzed organic compounds. However the cooling water blow down showed some dissolved organic matters but it did not exceed the legal limits.
Although there was a huge amount of water being discharged from the cooling towers that resulted in a tremendous increase in the hydraulic loading of the end-of-pipe treatment plant, the overall effluent wastes of Banha factory were increasing levels of oil and grease, BOD, COD, SS and TDS which far exceed the limits of Law 93/1962.
Remedial application
In order to comply with the regulations for discharging to sewer, a comprehensive feasibility study was carried out and many alternatives were suggested. The remedial application has followed two trends: in-plant modification and end-of-pipe treatment.
In-plant modification included installation of new cooling towers for closed circuits. Peak hourly blow down of the cooling towers was estimated to be 20 m 3 /hr the blow down is segregated from the raw industrial wastes and set to the equalization tank for homogenization with the treated industrial wastewater. In addition, wastes effluent from the oil refinery and sharpless and batch refinery were segregated from the final waste effluent. These wastes are passed through two gravity-oil-separators (GOS) for oil recovery and reducing free oil and grease (O&G) pollution. Moreover, "red water" saponification wastewater effluent is segregated and separately treated rather than at the end-of-pipe in order to guarantee efficiency and treatment cost reduction because of its heavy load pollution (volume reduction and pollution load reduction). End-of-pipe treatment includes a balance tank to receive the effluent of the two GOS. Dissolved air flotation (DAF) with chemical coagulant is known to have good efficiency for emulsified O&G (Eckenfeder, 1989; Lundh et al., 2001; Liu and Lien, 2001) . Therefore DAF with chemical coagulant is used for removal of emulsified O&G that reduces the efficiency of biological treatment. Neutralization for the wastewater is done in a chemical mixer tank before the DAF unit. Thereafter, the effluent water from DAF is pumped for biological treatment. The biological treatment includes primary chemical sedimentation, aeration tanks, contact sludge aeration tank, and final sedimentation tanks. The excess sludge from the primary and final sedimentation is dried in filter-press using coagulants. The heavily polluted waste effluent from the "red water" saponification unit is treated separately by acidification to convert the emulsified fatty acid to free form in order to be separated through an oil separation unit. The effluent is then passed to a liming stage to neutralize excess acidity and precipitate some of the dissolved matters. The mixture is finally clarified and the pH is adjusted to the allowable limits. Part of the concentrated clarified effluent (35%) is discharged to the final equalization tank for homogenization with the treated industrial wastewater for disposal in the sewerage system of the city. Another part of the concentrated clarified effluent (65%) is then pumped through a collection tank to an evaporation system where 80% of the volume is reduced. The evaporation system uses solar energy aided with steam coils to heat the effluent, which is spread over a large surface area of a concrete basin. Figure 2 shows the flow diagram of the industrial wastewater characteristics and treatment processes.
Results of the final treated effluent
The effluent wastewater from the three processes is collected and mixed in a final equalization tank for discharging effluent to the public sewerage system. Collected composite samples were taken for analysis of the characteristics of the effluent treated water. The results were very good with respect to the allowable Egyptian limits for discharging effluent to the public sewerage system (as shown in Figure 2) .
The effluent treated wastewater has average characteristics of 109, 176, 32, 1282 and 50 mg/l for BOD, COD, SS, TDS, and O&G, respectively. That means the removal efficiency of the three processes are 86.97%, 99.2%, 96.27%, 89.9%, and 99.49% for BOD, COD, SS, TDS, and O&G respectively (Figure 3 ). In Figure 3 , the removal efficiency of the flow means the reduction of the industrial wastewater flow after application of the modification in the factory.
Attempts were made to increase the part of clarified "red water" to be discharged to the final equalization tank, but sometimes there was increase in the TDS above the limits. 
Conclusions
A pollution control procedure has been applied for the strongly polluted industrial wastewater from the Banha Factory, Egypt. This procedure included modification of the cooling tower system to a closed system to reduce waste by about 82%. Segregation of waste effluent has been done for every industrial process effluent. GOS and DAF units were efficiently used for reduction of oil and grease pollution (free and emulsified). Biological treatment and sedimentation have been used for addition reducing of other pollutants (such as: BOD COD and SS). Part of the heavy polluted "red water" has been evaporated in air after clarification and the sludge disposed in a landfill. Other parts of the clarified red water have been disposed of in the final equalization tank and then to the public sewer.
The final effluent of the treated water has characteristics compatible with the allowable Egyptian limits for discharging effluent to the public sewerage system.
